A maximum entropy approach has been applied to the tomographic inversion of the line integrated measurements of radiation power ux by a multichannel bolometer system. This method was applied to a H-mode discharge in the W7-AS stellarator, with increasing radiation from the plasma core after the transition being observed. Also a neutral beam injection discharge was investigated, and the time evolution of a marfe was documented. This method has also been applied to the preliminary design of a multi-camera system for full tomographic reconstruction in the W7-X stellarator. In addition, measurements with wire mesh shielded metal foil bolometers have been carried out and the shielding of these bolometers from microwaves produced by the 140 GHz gyrotrons used for electron cyclotron heating (ECRH) has been demonstrated.
Introduction
The maximum entropy method has previously been used in plasma physics for Abel inversion and spectroscopic deconvolution [1] . The entropy in this case is a measure of the information content of a sample [2] . A self-contained review of the ideas of Bayesian probability theory, its realization by application of variational calculus and a derivation of the standard formalism behind the principle of maximum entropy can be found in the literature [3] .
A description of the numerical methods of maximum entropy is presented in section 2. The experimental results from the W7-AS stellarator [4] are presented in section 3 and the time evolution of the radiation power in a H-mode, and an NBI discharge in 2 dimensions is reconstructed. During an ECRH pulse it was shown that bolometer shielding by wire mesh is eective in screening direct microwave radiation from the 140 GHz gyrotrons. In section 4, the preliminary design of the W7-X multichannel bolometer array is presented and simulations considering the required accuracy of the relative calibration of the channels is discussed. The conclusions are summarized in section 5.
Numerical methods
In this paper, the maximum entropy method is applied to the tomographic inversion of the line integrated measurements of radiation power ux by a multichannel bolometer system. The input data and the associated error bars represent a set of linear constraints to a matrix equation of the form :
where I j is the j th line integral, w jk is the weighting factor of the k th pixel for the j th line integral and P k is the radiation power density of the k th pixel. By taking a discrete set of n points in the radial direction of the radial prole of the radiation power density, P i , the entropy, S, is given by : (2) where = P i = P n j=1 P i and S is maximized subject to the linear constraints [5] .
For Abel inversion, the radiation power prole, P i (r), is parameterized so that for all values of the tting coecients P i is positive denite. In the simplest case for two tting coecients, this is of the form :
with the nal choice of the number of tting coecients nally determined by the goodness of the t.The coecients describing the P i prole, and therefore the ux surface value of the radiation power density, are adjusted iteratively, comparing the measured line integrals with that calculated for each simulation so that their dierence is minimized. The quantity minimized in this case is :
where d i is the dierence between the measured and calculated value of the line integrals, i is the standard deviation of the measurement and error /N is a measure of the quality of t. Ideally the latter attains a value of 1 so that the t lies within one standard deviation of all measurements. Concurrently, S is maximized with the result that the attest P i prole that achieves such a t from the possible family of P i proles is chosen [1] . In the case that the maximum entropy principle was not imposed, it could arise that by solely minimizing the least squares t without paying respect to the error bars of the measurement one could arrive at a prole with radial structure that would be unjustied. In the case of 2-dimensional tomography, where two views of the plasma are available to allow the determination of m=1 component of the radiated power with respect to the ux surfaces ( as in the case of the measurements in W7-AS ), the entropy was constructed as the sum over two P i (r) proles and a free parameter allowing the maximum along a radius to lie at an arbitrary angle with respect to the minor axis.
For the simulations on W7-X, where 10 views were assumed to be available, the sum shown in equation 2 was used with the radiation power density values at each pixel on a 32x32 grid rather than each ux surface value.
W7-AS experiments
On the W7-AS stellarator two dierent types of bolometer systems are in operation. There is a two camera system with 30 channels per camera using 5 m stainless steel foil mounted on an 1.5 m MgO insulator with oxygen doped germanium as the thermistor. A 5 m gold grid forms the electrodes to measure the resistance of the germanium layer which changes with the temperature of the foil which in turn is a function of the incident power ux of radiation from the plasma [6] . With reference to Fig. 4 , the cameras view the triangular ux surfaces through a slit at symmetric positions above and below the midplane at R = 240 cm and z = 6 36 cm.
A single camera of 8 channels using 4m gold foil mounted on an 7.5 m Kapton insulator and a bridge of 4 gold meander resistors on a measurement and reference arm are also currently being tested on W7-AS [7, 8] . These bolometers are in routine operation on JET, ASDEX-Upgrade and Alcator C-mod. A wire mesh with dimensions 13 m x 94 m has been installed in front of the absorbing metal foil of these bolometers. Microwave power produced by the 140 GHz gyrotrons used for electron cyclotron heating (ECRH) and unabsorbed by the plasma induces unwanted heating of the absorbing foil as shown in Fig. 1 . The eectiveness of the shielding is also clearly demonstrated. As W7-X will depend strongly on ECRH heating, such a demonstration is necessary for condence in the successful operation of a multichannel bolometer system on this machine.
The H-mode on W7-AS has been observed previously in ECRH discharges [9] . In the discharge considered here, a H-mode transition could be produced with 340 kW of absorbed NBI power at a the rotational transform, , of 0.525 as shown in Fig. 2 . It has been documented that the H-mode in the W7-AS stellarator is found only in a narrow range between 0.51 to 0.53, and this is attributed to the long connection lengths which exist in this range [10] . In Fig. 3 , the line integrated measurements and the resulting t by the maximum entropy method after summing the lines of sight over the radiation power prole are shown. In Fig. 4 the reconstructed radiation power density before and after the H-mode transition are shown. Clearly the radiation from the core increases after the H-mode transition, consistent with this previously observed feature in tokamaks [11, 12] .
A marfe has been observed in a discharge with 1.8 MW NBI power and rising density in the absence of gas pung. For this discharge, with an of 0.564, no H-mode transition is expected. The marfe, characterized by a localized region of intense radiation, moves away from the outwardmost tip of the triangular ux surface at a radius in the vicinity of the last closed ux surface towards the bottom of the machine and back again over a time scale of 150 ms. Shown in Fig. 5 are the line integrated measurements and the resulting t by the maximum entropy method is shown. In this case, the ts lie well outside the measurement error bars. However, the error bars used for tting were 10% of the measured value, reecting the diculty of obtaining a satisfactory relative calibration factor for these bolometers. Further improvements to the t will be sought by allowing for a variable thickness of the outermost ux surface. The general features of the measured line integrals are reproduced by the t and clearly indicate the presence of an intense localized radiation source that moves at the plasma boundary. Shown in Fig. 6 is the 2-dimensional tomographic reconstruction at the beginning, where the marfe is positioned at the outermost tip of the triangular ux surface, and at the maximum intensity of the event, where the marfe is positioned at the bottom of the machine between the tips of the triangular ux surface.
W7-X simulations
The maximum entropy method has also been applied to the preliminary design of a multichannel bolometer system for the W7-X stellarator [13] . A 10 camera system with 30 channels per camera has been simulated with a view to full tomographic reconstruction of the radiated power. The number of cameras was chosen in accordance with the m=5 island structures present in the ux surfaces.
A radiation power density was assumed and line integrals of the incident power ux for each bolometer was calculated. The tomographic inversion of these line integrals in this case was carried out on a 32x32 pixel grid with or without information about the last ux surface. It is envisaged that the anisotropic diusion model can be adapted to incorporate knowledge of the ux surface orientation at each pixel [14] , forcing a degree of coupling on the radiation power density of neighbouring pixels. A sensitivity study was carried out to determine the required accuracy on the relative calibration of each line of sight. A random error of 5% was added to the simulated line integrals and was sucient to seriously deteriorate the reconstructed radiation power density.
Of particular concern, is the validity of the measurements under conditions of high neutral gas density (e.g in the vicinity of a divertor), where a component of the incident power on the bolometer is due to localized neutral particles from charge exchange at the plasma edge [15] . In this case the power is radiated asymmetrically so that a degree of error enters into the line integrated measurements. A possible solution could be attempted by making a rst order correction to the bolometer measurements. By coupling the bolometer measurements to a neutral gas/charge exchange simulation code, the measurements for the calculated component of incident power due to charge exchange losses could be numerically corrected. 5 
Conclusions
The maximum entropy method has been applied to the two dimensional tomographic inversion of line integrated bolometer measurements from the two camera system in the W7-AS stellarator. An increase of core radiation with time after a H-mode transition, consistent with this feature in tokamaks, has been observed. A marfe in a NBI discharge, with the movement of an intense localized source of radiation over a time scale of 150 ms, has been documented. The successful shielding of metal foil bolometers in an ECRH environment has demonstrated that this diagnostic will be able to deliver reliable measurements on W7-X.
The preliminary design of a multichannel bolometer system for full tomographic reconstruction of the radiated power density in W7-X has been presented and the restriction on the relative calibration of the channels to realise this aim has been discussed. In particular, the component of incident power on the bolometer from energetic neutral particles generated by charge exchange in the plasma edge will need to be modelled to provide line integrated measurements with sucient relative accuracy for reliable tomographic reconstruction. 
